Introduction
Hysterectomy is the second-most-common gynecological surgery in the United States after cesarean section. 1 Nearly 40% of American women undergo hysterectomy before the age of 60 years. 2 Of the various surgical approaches to hysterectomy (abdominal, vaginal, laparoscopic, or open) , the open abdominal approach has been correlated with relatively greater postoperative pain. 3, 4 Because these surgeries are painful, optimal perioperative pain management is of utmost importance and contributes to greater patient satisfaction, fewer adverse events, shorter hospital stays, and reduction in health care costs. Pain management can take many forms. Although systemic opioid analgesics and patient-controlled analgesia (PCA) remain at the forefront of pain management, this class of medications is
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Faiz et al associated with multiple common adverse reactions (pruritus, nausea, vomiting, constipation, respiratory complications, urinary retention, and altered mentation). 5 Nonsteroidal anti-inflammatory drugs (NSAIDs), ketamine, acetaminophen, and local anesthetics have all been reported to reduce postoperative opioid consumption. [6] [7] [8] [9] Although oral and rectal forms of acetaminophen have been in use for decades, intravenous (IV) acetaminophen has only recently become available. Despite its recent introduction, it has become a routine analgesic in operating rooms and inpatient wards. Its analgesic action has not been fully elucidated, but evidence suggests that it is mediated by both cannabinoid and serotonergic pathways in the central nervous system and, to a lesser degree, though peripheral antiinflammatory effects. 10 It also lowers fever by acting directly on the thermoregulatory center of the hypothalamus. [11] [12] [13] Intravenous acetaminophen has been shown to have significant opioid-sparing effects for a multitude of surgical procedures, including abdominal hysterectomies.
14 Clinical studies have suggested that 1 g IV acetaminophen is as effective as 30 mg IV ketorolac (NSAID) or 10 mg intramuscular morphine, 15, 16 but no study has compared the analgesic efficacy of IV acetaminophen with the efficacy of IV ketamine.
Ketamine is an anesthetic agent used for anesthesia, sedation, and analgesia. As an N-methyl-D-aspartate (NMDA) receptor antagonist, ketamine reduces the sensitivity of the central nervous system to painful stimuli. 17 In this study, we hypothesized that IV acetaminophen would be more effective than IV ketamine as an analgesic and would have significantly lower sedation scores and fewer adverse effects.
Patients and methods
This prospective randomized, double-blind, multicenter clinical trial was registered in the Iranian Registry of Clinical Trials (IRCT2012103011319 N1) and approved by the ethics committee of Iran University of Medical Sciences in Tehran, Iran. 18 Prospective participants were scheduled for elective hysterectomy under general anesthesia from January 1, 2012 through to December 31, 2012. Adult women aged 25-70 years were screened according to the following inclusion criteria: planned abdominal hysterectomy; American Society of Anesthesiologists (ASA) classification of 1 (normal healthy) or 2 (mild systemic disease). Exclusion criteria included the following: refusal to participate in this study; sensitivities to any of the study medications; a history of hepatic or renal diseases, seizures, alcohol or psychoactive substance abuse, and/or current smoking or opioid use; severe hemorrhage (bleeding more than 1,500 mL during the surgery); prolonged surgery (more than 4 hours). Patients who met the inclusion and exclusion criteria were consented to participate in this study.
All patients were premedicated with 10 mg oxazepam administered orally the night before surgery. After being transferred to the operating room, standard ASA monitors were applied, including electrocardiography, pulse oximetry, and noninvasive blood pressure monitors. Protocol-regulated weight-based doses of midazolam, fentanyl, propofol, and atracurium were used for induction. Intubation was performed using 7 mm polyvinyl chloride endotracheal tubes. Anesthesia was maintained through the infusion of propofol at a rate of 100-120 µg/kg/min. Thereafter, the patients were randomly assigned to either the acetaminophen or the ketamine group using block randomization, with an equal number of participants in each group. The first group received IV acetaminophen 15 mg/kg, and the second group received IV ketamine 0.15 mg/kg. Both medication solutions were prepared by the research pharmacist in 100 mL of normal saline and were administered by the anesthesia care team within a 15-minute time period. The administering team was blinded to the nature of the infusate.
In the recovery room, an IV infusion pump (set to deliver a continuous infusion of fentanyl 30 µg per hour) was connected to each fully conscious patient. Patients' levels of pain and sedation were assessed in the recovery room using a visual analog scale (VAS) and the Ramsay Agitation Sedation Scale (RASS), respectively, 4 hours, 6 hours, 12 hours, and 24 hours after the surgery. The VAS scale ranged from zero (no pain) to 10 (maximum pain). VAS scores of 1-3, 4-6, and 7-10 were designated as corresponding to mild, moderate, and severe pain, respectively. The RASS ratings were as follows: 1 (anxious and restless), 2 (calm, cooperative), 3 (responding to commands), 4 (immediate responses to stimuli), 5 (sluggish responses to stimuli), and 6 (not responsive). 19 The incidence of nausea, vomiting, respiratory complications, and significant hemodynamic changes were also recorded for each group. For VAS scores greater than 3, intravenous meperidine 15 mg was administered and the total amount administered to each patient was recorded.
statistical analysis
The collected data was analyzed using SPSS for Windows 17.0 (IBM Corporation, Armonk, NY, USA). A pilot study of pain reported by patients after hysterectomy revealed that the average VAS score for pain was 3 with a standard deviation of 
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comparison of ketamine and acetaminophen for postoperative pain 1.4. The sample-size calculation was based on a maximum allowable difference of 1 in VAS scores. Inclusion of 40 patients in each group provided a power of 0.89 when alpha was set at 0.05. Data remained blinded until all data were collected. Student's t-test and the chi-square test were used to compare numerical and categorical data, respectively, between the two groups if they had a normal distribution. Data without normal distribution were analyzed through nonparametric equivalents of the mentioned tests. Repeatedmeasures analysis of variance (ANOVA) was used to review the results at different time points. The null hypothesis was rejected at alpha (P-values) less than 0.05.
Results
A total of 80 patients met the inclusion and exclusion criteria and were enrolled in the study. No patients met the exclusion criteria for intraoperative bleeding or duration of surgery. Participants were randomly assigned to the two treatment groups, with 40 participants in each group.
There were no significant differences for age, body mass index, or duration of surgery between the acetaminophen and ketamine groups (Table 1) . Although VAS scores showed temporal improvement for both groups, scores were significantly lower for each time period for the acetaminophen group compared with the ketamine group ( Table 2 , P,0.05). Twenty patients in the acetaminophen group (50.0%) and 29 patients in the ketamine group (72.5%) received meperidine for breakthrough pain after surgery (P=0.039).
In contrast, sedation (RASS) did not differ between treatment groups at any time point (Table 2) . No significant differences in heart rate and systolic and diastolic blood pressure were observed between the two groups 4 hours, 6 hours, 12 hours, and 24 hours after the surgery (Table 3) .
Rates of nausea were similar between the two groups. Vomiting was reported by six participants in the acetaminophen group (15.0%) and by eleven participants in the ketamine group (27.5%). Despite this trend, the difference between groups was not found to be statistically significant.
Only one patient (2.5%) in the acetaminophen group suffered from drowsiness (RASS scores of 4 or 5), and one (2.5%) suffered from dizziness. No cases of drowsiness or dizziness were found in the ketamine group, but this difference did not prove to be statistically significant (Table 4) .
Discussion
Postoperative pain and its complications can be attenuated with an appropriate perioperative analgesic regimen. Insufficient pain control has been suggested to contribute In addition to perioperative opioid analgesics, NSAIDs, ketamine, and local anesthetics, IV acetaminophen has been routinely administered in recent years. IV acetaminophen's relative analgesic efficacy has been compared to that of classes of medications other than ketamine. Hence, to our knowledge this study was the first to compare the efficacy of intraoperative administration of IV acetaminophen with that of IV ketamine on postoperative pain after abdominal hysterectomy.
We found IV acetaminophen to be more effective than IV ketamine administered intraoperatively for pain management after the abdominal hysterectomy. Moreover, there was a significant decrease in the administration of breakthrough analgesics (meperidine) in the IV acetaminophen group compared to the IV ketamine group. In contrast, a study comparing the effects of rectal acetaminophen with rectal ketamine on children undergoing tonsillectomy found ketamine to be superior to acetaminophen. 21 This can be explained by the different administration route and the different pathophysiology of pain between tonsillectomies and hysterectomies.
The two groups had no significant differences in hemodynamics, sedation, nausea, vomiting, or dizziness. Sen et al 22 and Dahl et al 23 studied postoperative pain with ketamine use after hysterectomy and reported comparable rates of adverse effects. Arici et al 24 also found similar rates of adverse effects, but their study compared early versus late administration of IV acetaminophen for analgesic efficacy after abdominal hysterectomy.
Although available in its oral form for decades, the recent availability of IV acetaminophen has led to much evidence-based investigation of this drug. IV acetaminophen has been found to have a more rapid onset, longer analgesic duration, and higher bioavailability than does its oral form. 25 IV acetaminophen rapidly crosses the blood-brain barrier, reaches its maximal concentration in the cerebrospinal fluid, and exerts its analgesic effects through the central nervous system. 26, 27 In addition to its central effects, this drug has been reported to have a peripheral anti-inflammatory effect. However, this effect is somewhat limited. 28 Ketamine also is generally accepted as an effective analgesic and has been used in obstetric and gynecological surgery for decades. Pain associated with surgery can be intensified by sensitizing spinal dorsal horn neurons. This process will trigger C-fiber input and activate NMDA receptors. 29 As ketamine is a well-known NMDA receptor antagonist, it is expected to inhibit this process. Kawamata et al 30 showed that administration of preoperative ketamine could reduce postoperative pain in adults undergoing tonsillectomy. Suzuki et al 8 confirmed this effect after outpatient surgery. Despite its history as an effective analgesic, however, ketamine was found to be less effective than IV acetaminophen in this study.
Others have also studied the effects of IV acetaminophen in gynecological surgery. Varrassi et al 31 randomly allocated 200 women aged 18-70 years to two groups to receive either 1 g acetaminophen or 30 mg ketorolac (NSAID) intravenously at extubation. During a 12-hour postoperative monitoring period, they found no significant differences in the required morphine dose (10.6±4.8 mg in the acetaminophen group versus 10.2±4.4 mg in the ketorolac group), pain intensity, hemodynamic status, sedation, side effects, or overall efficacy of the two medicines. They concluded that acetaminophen is as effective as ketorolac in controlling pain after gynecological procedures.
Cobby et al 32 compared acetaminophen to another NSAID, diclofenac, an analgesic class for which the comparative efficacy was not evaluated in our study. They investigated 72 patients with an ASA classification of 1 or 2 who were scheduled for abdominal hysterectomy under general anesthesia. The subjects were randomized to receive either 1.3 g rectal acetaminophen, 50 mg rectal diclofenac, or placebo at three time points: at the end of surgery, 8 hours postsurgery, and 16 hours postsurgery. In the recovery room, intravenous PCA pumps with a 1 mg morphine bolus, a 5-minute lockout interval, and no basal infusion were administered to all patients. The required amount of morphine was significantly lower in the acetaminophen and diclofenac groups than in the placebo group, but patients in the diclofenac group had significantly lower pain scores compared with the other two groups. Moon et al 14 randomized 76 patients undergoing abdominal hysterectomy to receive 2 g IV acetaminophen or placebo 30 minutes prior to surgery; postoperative pain was measured by VAS score and PCA hydromorphone consumption was quantified by group. They found IV acetaminophen to have an opioid-sparing effect when compared with placebo, as this present study did when comparing IV acetaminophen with ketamine. Yalcin et al 33 compared the efficacy of acetaminophen and ketamine for prevention of remifentanil-induced hyperalgesia in patients undergoing total abdominal hysterectomy, and found both to be similarly effective.
This prospective block-randomized, multicenter clinical trial had several limitations. One such limitation was that there was no placebo arm, thereby making it impossible to effectively state the incremental analgesic benefit of using ketamine or acetaminophen when compared with a baseline or standard of care (placebo). Another limitation was that, despite conducting this study as a multicenter clinical trial, the patient population was confined to that which is representative of hospitals affiliated with Iran University of Medical Sciences and thus may not be generalizable to other patient populations. The body mass index of each group (Table 1) may also not be representative of a global population, as there is great variability in body habitus worldwide.
Conclusion
Compared with ketamine, IV acetaminophen administered at the end of abdominal hysterectomy surgery was significantly superior for managing postoperative pain and reducing the need for rescue analgesics.
